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ABSTRACT
Trip generation models based on household data rather
than zonal aggregate data are evaluated. It has been suggested
that analysis of household travel characteristics should
precede aggregation so that home interview data can be used
more efficiently. Relationships identified at the decision
level of travel should have greater causal validity and should
be more temporally and spatially stable.
The major objectives of this research are to examine the
form of household travel relationships, to determine the
stability of these relationships over time and to evaluate
the ability of household models to estimate future travel.
The potential? for reduced sample size requirements and
greater applicability of disaggregate models in different
urban areas are also excimined.
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To examine the stability of disaggregate trip generation
models, household travel data were obtained from home interview
surveys in 1964 and 1971. Single family households interviewed
in the 1971 survey represented the identical fcimilies which were
interviewed in 1964. This unique sampling design permitted the
analysis of the effects which changes in the households' socio-
economic characteristics during the seven year period have on
trip production.
The results indicated that the household models based on the
1964 data could successfully predict household travel reported by
the same households in 1971. The household models from both time
periods could be expanded to adequately estimate 1964 reported
zonal area travel. Parameters of the disaggregate models also
appear more consistent between geographical areas and could be
developed with considerably less data than comparable zonal models,
INTRODUCTION
The methodology of trip generation modelling used in most
current urban transportation planning studies is referred to as
a zonal analysis concept. The enormous body of data obtained in
the home interview portion of the origin and destination study is
aggregated and summarized in larger units of the total study area,
the traffic zone. These zones are the smallest areas considered
in all further analyses and projections. The aggregated data are
used to calibrate generation models which estimate trip production
occurring under present economic, social and physical conditions.
Future travel is then estimated assuming that the true causal
relationships have been identified and that the model parameters
will remain stable over time.
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This traditional trip generation modelling approach which
is based on aggregated socioeconomic and land use data is
subject to critical review. The modelling approach has been
challenged from at least two major viewpoints. These are:
1. The modelling approach does not allow full
consideration of the continuous nature of the
travel decision process. Trip generation is
only the first stage in the total urban trans-
portation planning process which also consists
of trip distribution, modal split, and trip
assignment. In current practice each of the
models is normally developed independently of
the others. As a result there is no general
assurance that an internally consistent network
equilibrium will be achieved. The modelling
process acts as though there is a given level
of demand irrespective of the transportation
system which is available.
2. The use of spatially aggregated data assumes that
the relationships derived represent the true
relationships occurring in the units which compose
the aggregate total. Further, the aggregate
descriptions are assumed to remain stable
temporally and thus serve as a basis for pre-
diction of future travel.
Recognizing that inconsistencies may arise because the
transportation system is not explicitly allowed to affect all
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stages of the model development, attempts have been made to
develop explicit demand models which combine the functions of
generation, distribution and modal split (2, 8, 11). Other
research efforts have been directed to the development of a
stochastic modelling approach which would retain the sequential
nature of current planning models, but would incorporate
principles of economic utility theory to include more policy
sensitive variables into the model framework (12, 13, 15).
These latter approaches also recognize the efficacy of using
disaggregate data to estimate model parameters.
Research related to the second major point of discussion,
data aggregation effects, has also shown the shortcomings in
the aggregate planning model concept (1, 3, 6, 9, 10). Review
of the assumptions of the aggregate models has shown that
the zonal means are not adequately representative of the
individual units composing the mean (9). The reasons for
inadequate representivity are that:
a) the zone sampling distributions are skewed rather
than normal so that the sample mean is not the
central value; and
b) considerable heterogeneity exists within zones with
respect to household travel characteristics and
socioeconomic traits.
Further, aggregation of the behavioral units to a zonal
description "washes out" much of the total variation which
exists in the data. The aggregate data may mask the true
relationships and the causal nature of the explanatory
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variables. Investigations have shown that aggregation changes
the strength of the associations between variables and that
the model parameters are dependent upon the size of the areal
unit selected in the analysis (1, 3, 9). As a result the
calibrated model is applicable only at the macro-level of
analysis and in the geographical area for which it was cali-
brated. This has further important implications in the
continuing phase of the urban transportation planning study
as one needs to be concerned with measurement of changing
conditions. When the analyst is interested in measurement
of changes, particular care must be exercised to carefully
identify the explanatory variables to be used and the
parameters associated with those variables. Since the
aggregate models are based on large volumes of data which are
averaged together, the models are not sensitive to subtle
changes which occur at the basic decision level of travel.
Further, the data measures habits for a single time frame;
since it is financially infeasible to obtain large quantities
of data which would be necessary to revise the zonal estimates,
the relationships observed in the original time frcime are
generally assumed to be held constant throughout the planning
period. Logic suggests that changes in social and cultural
patterns, and changes in the physical environment will have
an effect on urban travel. To be sure, comparisons of
aggregated relationships within an urban area have been made
for different time periods, but as noted, these aggregate
relationships are dependent upon the type and level of activity
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within the areal units. Since the size of some zones or the
level of activity within the zones may change over the study
period, it is difficult to separate the influence due to
changing areal descriptions from the influence due to changing
relationships of the variables in the model. The subtle
changes in urban structure and individuals' status and life
style cannot be detected at the macro level of analysis.
DISAGGREGATE TRIP GENERATION ANALYSIS
Although there is a recognized need for considering
concepts which incorporate the interacting effects of the
total travel decision process, in this paper attention is
directed only towards obtaining a better understanding of
travel behavior by evaluating trip generation relationships
at a disaggregate, behavioral level of analysis. The house-
hold is taken as the basic decision making unit for evaluating
travel behavior.
Other researchers have pointed out the shortcomings of
models based on spatially aggregated data, and have indicated
the desirability of identifying the more basic relationships
between the socioeconomic and travel characteristics which
occur at the household level of analysis. Analysis at the
disaggregate level appears to provide a means of overcoming
several of the shortcomings mentioned above and provides
several advantages to the transportation analyst. First,
since the analysis is conducted at the household level, the
basic relationships are not averaged out by aggregation or
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clouded by the analysts' selection of the areal boundaries.
Because the parameters of the model are not tied to a
particular aggregation scheme, the model can be developed
and then applied to whatever aggregation scheme is necessary
for the following series of models which are employed. This
is of importance in the continuing phase of the transportation
study as the size and shape of the planning area changes.
This greater flexibility in application would allow the
analyst to more effectively use data from other public
records (e.g., census data) which are summarized in areal
units which do not conform to the boundary scheme of the
transportation study.
A second advantage proposed for the use of household
level analysis is that the household provides a common base
for comparing travel characteristics in different urban centers.
Unlike the aritifcial aggregate unit such as the traffic zone,
the household is basically the same size and the same internal
consistency in different geographical areas. Due to the
common nature of the household unit, one might expect house-
hold model parameters to be more consistent from area to area.
A third advantage is that the household relationships
represent the basic relationships at the decision level and
therefore are assumed to possess greater causal validity.
These causal relationships are more likely to remain stable
over time, thus, forming a more valid basis for the prediction
of future trip generations.
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Finally, since all the data which are collected in the
home interview surveys are analyzed prior to aggregation, the
data are used more completely and effectively. As a consequence,
the possibility exists for using smaller sample surveys in the
continuing study to measure the changes which occur in the
basic relationships.
The purposes of the research reported in this paper were
to evaluate the form of the relationships which occur in house-
hold trip generation models and to evaluate the stability of
these relationships. In addition, the ability of models
based on reduced sample size to estimate total area travel
is examined, as is the hypothesis that the parameters of
disaggregate generation models are more consistent from one
geographic area to another.
STUDY DESIGN
The data used in this study to evaluate the causal
validity and stability of household trip generation relation-
ships were obtained from home interview surveys in Indianapolis,
Indiana. This metropolitan area of 800,000 population
conducted a basic transportation study with the home interview
data collection taking place in 1964. The Indianapolis
Regional Transportation and Development Study (IRTADS) was
a typical example of a transportation study in which the
trip generation formulations were based on aggregate zonal
totals. A five percent home-interview sample was taken
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representing over 10,000 interviews. The data were aggregated
into 395 zones defined for the study area and factored to
represent total travel volumes for the area.
In this research, a second home interview was conducted
in 1971 to study changes in household socioeconomic character-
istics and travel behavior, and to evaluate the stability of
household trip generation models over a seven year period.
The latter survey obtained measures of the socioeconomic and
travel characteristics of some of the identical families
which were interviewed in 1964. Earlier research had
suggested several variables which could be evaluated at the
household level including fcimily size, auto ownership, stage
in the family life cycle, occupational status, income, dwelling
unit type, and location within the urban structure (7, 10, 16).
Although simultaneous evaluation of all levels of all factors
would have been desirable, such a design would have required
a prohibitively large sample to obtain a sufficient number of
cases for statistical stability in all possible levels and
combinations of the variables. Instead, a sample was selected
which, as far as possible, represented all levels of three
principal socioeconomic variables: family size, auto ownership,
and income. In the experimental design the confounding
influence of other variables was controlled to the greatest
possible extent by careful selection of the 1971 sample.
To control for differences in travel behavior which may be
due to differences in life style of families living in
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different types of dwelling units and not due to changes in
the principal variables being considered, only single family
home owners were selected in the 1971 study. As indicated above,
to control for differences which may be a function of social
or psychological factors of the fcunilies, the 1971 survey
interviewed the identical families that were interviewed
in 1964. Further, only those families were selected which
remained at the same dwelling unit from 1964 to 1971. In
this way, differences in travel behavior which may have been
due to changes in the living environment rather than changes
in household characteristics could be controlled to a greater
degree. Finally, travel variation which may be attributed to
seasonal or daily variation was controlled by obtaining both
data sets in the fall of the year and by scheduling the 1971
interview schedule such that each household recorded travel
in 1971 on the seime day of the week as in 19 64.
Elimination of all families which were not single family,
homeowners, or did not provide complete information in 1964
provided a final list of 4300 households from which the 1971
sample was selected. Table 1 provides a list of average
household amd travel characteristics of the 4 300 households
and of the 357 households from which completed interviews
were obtained in 1971.
HOUSEHOLD TRAVEL CHARACTERISTICS
Several household variables such as family size, auto
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examined to determine their effect on household trip genera-
tion rates. All of the variables showed a statistically
significant effect when considered alone, however, due to
the large intercorrelation between the variables, the effect
of any one variable is not independent of the others. For
example, although income would be a significant explanatory
variable for estimating trip production, the research
indicated that income had a greater effect on auto ownership
which in turn affects household travel (5). Since auto
ownership appeared as a more direct cause of travel, it was
selected for use in the prediction models along with the
family size variable .
Graphical summaries of the relationships between family
size and auto ownership and household travel are given in
Figure 1 and Figure 2, respectively. Figure 1 indicates
that the relationship between family size and home based
trip production is nearly linear for family sizes of four
or less, but as family size increases the rate of trip
production increases at a decreasing rate. This overall
non-linear trend agrees with the findings reported by Oi and
Shuldiner (10). Since trip generation models generally
assume linear relationships, large departures from linearity
could have important effects on these prediction models. The
analyst must recognize where the assumptions of the model
are not met and the consequences of using the variable or
model formulation in spite of these irregularities. This will
be examined later in connection with evaluation of the predic-
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The other significant observation to be made from Figure 1
is the relatively good agreement of the curves for the two
data sets. Although changes in the family composition and
age structure have occurred over the years, the average trip
production for families of similar size for the two periods
is relatively stable. This again has important implications
in developing models of travel behavior. The stability of
the form of the relationship indicates the variable should
be useful in forecasting models.
Figure 2 shows the corresponding curves for auto ownership.
The curve exhibits strong linear trends with greater fluctua-
tion from linearity exhibited in the 1971 data. However, the
slope cuid intercept and thus, the effect of auto ownership on
trip production^ appears to have shifted in these households
over the years. Such a shift in the relationships could
again have special significance in the planning study. Unless
a shift in the value of model parameters is detected by
observation at intervals less than the planning period for
which forecasts are made, the final estimate could yield
considerable error. Because the disaggregate modelling
approach is able to detect the subtle changes which occur,
it is felt that these relationships could be monitored with




StcdDility of the disaggregate trip generation relation-
ships was evaluated in three stages. First, standard linear
regression models were developed from the 1964 and 1971 data
sets and the parameters of these models were compared. Next,
the 1964 model was used to predict the volume of travel which
should be expected in 1971 if the model relationships are
sufficiently stable to predict future travel in the households.
The regular planning process was then essentially reversed
in that the 1971 model was taken back in time to estimate
the total zonal movement reported by the 4 300 single family
households in 1964. The 1964 and 1971 models were compared
as to their ability to measure the 1964 aggregate home based
trip production. Finally, a disaggregate model from all
dwelling unit types was used to estimate total area travel.
The consequences of using data which do not appear to meet
the theoretical requirements of the model formulation are
discussed.
As indicated, the relationship between family size and
trip production did not appear to be linear through the entire
range of the independent variable. Preliminary investigations
also showed heteroscedasticity of household trip production
variances for all levels of the family size and auto owner-
ship variables. Further, the sampling distribution of the
dependent variable is not a true normal distribution. Although
this does not preclude the use of linear regression analysis
to estimate parameters for the model, one may not be able to
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make probabalistic statements about the accuracy of the model
parameters with the degree of confidence that is usually
associated with the statistical model. Recognizing these
limitations, linear regression techniques were used to
evaluate the disaggregate models.
Table 2 presents the results of the linear models for
estimating home based trip productions. As was expected,
the pareuneters of the model have shifted somewhat over time.
The degree of change is in agreement with observations made
from Figures 1 and 2. That is, the parameter for family size
is very similar over the period while auto ownership has
greater variability. Two way analysis of variance models
(ANOVA) with unequal cell sizes were evaluated to test the
stability of the relationship over time (17). The time factor
may be labeled simply as a years effect, but years is considered
only as a surrogate for the effect of changes in other possible
pertinent variables such as income and stage in the family life
cycle. The statistical analysis indicated that there was not a
significant change in the effect of family size over the time
period, but the effect of auto ownership had changed. From
Figure 2 one could speculate that the change occurred in the
zero car and three car families. Indeed, when only one and
two car households were considered, there was not a significant
variation due to time changes.
2The coefficient of determination, R , and the standard
error of the estimate provide other measures for comparing
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these measures but, for the analyst who is accustomed to
2
observing R values around 0.90 for zonal data, they are
unimpressive. However, these values were not unexpected as
the models are attempting to explain all of the variation
in trip production - not just the variation between zones.
Within any household the number of trips reported may be
two to three times the average rate of trip production of
all households with similar characteristics. The house-
hold model formulated here cannot hope to predict these
large variations for each household. The measure of
usefulness of the household model for forecasting trip
production must be based on its ability to predict average
trsjvel for some higher level of aggregation. If the model
is successful in accomplishing this task, then model develop-
ment at the disaggregate level would be of value to the
researcher as a means of evaluating causal relationships
at a behavioral level and to the practitioner for developing
area travel forecasts.
Estimation of 1971 Household Travel
The 1964 trip generation model given in Table 2 was first
used to estimate home based trips for the 357 families in 1971.
The total estimated home based travel was 2542 trips compared
to the survey total of 2498 trips, i.e., an error of less
than two percent.
Sufficient data were available in one and two car house-
holds, and all family size levels to statistically evaluate
discrepancies in the estimated and observed trips using a
1 Q
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chi-square contingency analysis (14). The null hypothesis
of no difference between the estimated and surveyed trips
could not be rejected at the 0.01 significance level.
Visual inspection of zero and three car families also did
not show any major discrepancies.
The household equation was remarkably successful in
estimating trip production for these households. Of course
the independent variables for the prediction of 1971 trips
were known exactly at each household. This is a luxury which
is not available in the operational study, but it does exhibit
the faithfulness of the model for estimation even though all
theoretical considerations of linear regression were not met.
In particular, the non-linear trend for the family size
variable did not significantly reduce the effectiveness of
the linear model to estimate future travel from the surveyed
households.
Estimation of 1964 Single Family Zonal Trips
Since the independent variables of the household model
are linear in form, zonal area trips may be efficiently
estimated from the relationship:
Y. = na + b.X. . + b.X^ . ... + b X .




= the number of trips in zone j
,
X, . = the zonal total of variable k in zone j,
n = the number of households in zone j
,
a = the regression constant, and
b. = the regression parameter for variable k.
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Table 3 shows the results of expanding the 1964 and 1971
household equations to obtain estimates of the home based trips
reported by the 4 300 single family households. Two prominent
elements of these statistics deserve attention here. First,
when the household equations are expanded to obtain zonal
estimates, the percent of variation is increased from about
35 percent (Table 2) to 96 percent, while the percent standard
error of the mean is reduced from approximately 60 percent to
20 percent. The adjusted values are similar to values observed
in zonal regression analyses.
The second and most important point to be drawn from
Table 3 is the comparability of estimates obtained from the
two data sets. The 1971 model estimated the zonal trip
productions reported in 1964 with the scime statistical
efficiency as was possible with the 1964 household data sets.
This supports the basic hypothesis of this research, i.e.,
analysis at the household level should provide relationships
which are more meaningful and these relationships should
remain stable over time. In this study the disaggregate
analysis did detect a shift in the effect of auto ownership
for the families selected, but the overall relationship
was sufficiently accurate for estimating zonal travel at
a second point in time.
GENERATION MODELS FOR ALL DWELLING UNIT TYPES
It is recognized that the 357 single family units selected
for the first part of this research represent a limited inference
Kannel, Heathington 21
Tajlc 3. Summary Statistics of Single Family Household







Adjusted Standard Error of Estimate 13.4 19.0
Mean of Zonal Trips^ 95.8 95.8
Fiean of Residuals -4.1 -4.1
Slope: Y ^ ./Y -, 4. -, 0.98 0.98^ actual'^ predicted
Dependent Variable is 1964 Zonal Home Based Trips
A~uj7l>er of Zones = 313
household Models Based on 357 Observations
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space in that they represent only a portion of the total
population. The models developed for this sample can be
expanded to give acceptable estimates of travel for the
households from which they were selected; but would the
scime be true if one were to use a sample of all household
and fcimily characteristics? Further, these models have
been expanded to obtain estimates of reported trips of the
households from which the sample was drawn; can these models
be expanded to determine the factored trip volumes which
represent the trips of the total population in the study area?
These questions are evaluated here by developing a
household travel model using the entire 196 4 IRTADS
interview data set. In addition, the models based on all
dwelling unit types are used to examine the possibility of data
reduction in the continuing study and the geographical trans-
ferability of the model relationships.
Estimation of IRTADS Total Urban Travel
The variables used in the home based trip production
model developed by IRTADS were total zonal population and
total autos in the zone. The household model developed in
this study used household family size and total autos in the
household to define the equivalent relationships. The
relationships obtained for each of the models were:
IRTADS Model (4)
:
Home based trips/zone = 10.776 + 0.149 (population) +
1.257 (autos)
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Household Model
:
Home based trips/HH = -.232 + 1.015 (family size) +
2.14 8 (autos)
The household equation was expanded and compared with the
zonal estimates made by IRTADS. The statistics for the two
models appear in Table 4. A special comment is necessary when
comparing the data in Table 4. The IRTADS model is based on
data from 389 zones, while the household equation is expanded
to represent travel from only 326 zones. As a consequence,
the mean number of zonal trips is not identical for each model.
The reduction in the number of zones is due to elimination
in this study of all zones in which there were no reported
dwelling units or labor force.
Visual inspection of the ability of household equations
to estimate zonal travel is afforded by inspection of Figure 3,
This is a plot of predicted home based trips against factored
zonal trip estimates provided by IRTADS. If the model pre-
dicted perfectly all points should fit a 45 degree line
passing through the origin. The actual regression line
exhibited a slope coefficient of 1.00 and a constant term of
-45. This constant is only one percent of the mean zonal trips;
therefore, the model was accepted as a good fit of the data.
The residuals were examined by plotting the travel volumes
against the residuals. This plot exhibited a random scatter
of points. Further, Figure 4 shows a histogram of the residual
distribution. This plot closely approximates the ideal normal
distribution with a mean value of zero. Thus, in this study
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Table 4. Trip Generation Model Statistics for Estimation
of Total Home Based Trip Productions
r2 -
Standard Error of Estimate
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H rjw X a X
o o o o o o o o oo o o o o o o o o
lO o in o in o m o in



































































































FIGURE .4- FREQUENCY DISTRIBUTION OF ZONAL RESIDUALS
DETERMINED FROM EXPANDED HOUSEHOLD
EQUATIONS
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it was found that even though the household data did not meet
all the assumptions for linear regression at the household
level, residuals from the expanded equation did meet the
criteria of independence and normality.
Comparison of the predictive ability of the zonal totals
model and the household model indicates that the latter pro-
duces estimates with somewhat greater variation. It must be
noted, however, that parameters of the IRTADS zonal equations
are estimated to produce the minimum error in the zonal
productions. By definition, the sum of the residuals must
be zero. On the other hand, the parameters of the household
model are estimated to produce minimum error at the household
level. The mean of the residuals at the household level must
be zero, but generally there can be no assurance that the
residual sum will be zero when the model is used to estimate
larger area travel. The degree to which the mean residual
approaches zero provides another measure of the applicability
of the expanded equation. The mean residual represents less
than one percent of the zonal mean.
Potential for Data Reduction in Continuing Study
It was demonstrated above that the disaggregate household
model could be expanded to produce total area travel. However,
since the aggregate and disaggregate models were both formulated
from a data base which includes over 10,000 home interviews,
there has been no indication that the household modelling
approach would save data collection expenditures. To estimate
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the savings possible it would be necessary to conduct a full
scale analysis of sampling variability and expected errors.
From this analysis the ideal sample size necessary to obtain
estimates within desired confidence limits could be determined.
In this research a single sub-sample was drawn to determine
the order of magnitude of scunple size reduction which might
be possible. This sub-sample was equivalent to a one percent
Scimpling rate, whereas the IRTADS sample was designed as a
five percent sample. Table 5 repeats the adjusted household
equations given in Table 4 for the five percent sample and
provides the comparable statistics for the one percent sample
(2240 cases) . The ability of the two household equations to
predict total travel is very similar. The standard error of
the estimate is actually somewhat smaller for the smaller
Scimple size but, on the other hand, the mean residual is
larger. Additional research is required to obtain more
complete knowledge concerning the full extent of possible
data reductions for trip generation as well as the other
phases of travel forecasting. Certainly though, the
contention that sample size requirements may be reduced
for estimation of household trip generation appears to be
substantiated
.
Geographical Variation in Model Parameters
The final advantage proposed for disaggregate analysis was
that observed relationships should be more consistent from area
to area because the analysis unit is not tied to an artificial
Kannel, Heathington 29
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^Household equations expanded to estimate home based travel
in 326 zones.
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areal description and the household unit is of the same basic
internal consistency in different geographical areas. A
limited examination of this aspect is provided in Table 6.
The parameters given in Table 6 provide a measure of
the degree to which household and zonal model parameters are
comparable for two study areas, i.e., Indianapolis and the
Tri-State area which includes New York City. The Tri-State
area equations were developed in the research by Kassoff and
Deutschman (6)
.
The magnitude of the household model parameters for the
independent variables are strikingly similar for the two study
areas, even though the areas themselves would not be considered
as comparable in nature. The largest variation is in the
magnitude of the constant term. One might reflect that the
constant term of the model is the geographic factor which
explains differences in household travel in the two areas.
Of course, other differences in average trip rates in the
areas would be reflected by differences in the average value
of the independent variables.
On the other hand, there are substantial differences in
the paramieters of the zonal based models. Although this
comparison is only for two study areas, the basic premise
that household parcimeters measure a more stable, basic
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Analysis of travel behavior using the household as the
basic unit provides a method of evaluating the changing rela-
tionships which occur over time. A disaggregate trip generation
model developed from data obtained from 357 single family house-
holds in 1964 was able to predict the home based trips produced
by the same feunilies in 1971 with an average error of less
than two percent. The household models from 1964 and 1971
also exhibited the same degree of statistical efficiency
when expanded to estimate total zonal trips reported in 1964
by the single family households from which the 1971 sample
was selected.
The disaggregate model for estimating total home based
travel from all dwelling units was judged to be nearly com-
parable with the zonal model for estimating present travel.
However, since the disaggregate model is sensitive to measure-
ment of change in the behavioral unit, the household model is
preferred. Indications are that the data set may be reduced
by as much as 80 percent for estimating trip generation para-
meters at the disaggregate analysis level. Further, since the
household is the basic unit in all urban areas, analysis at
the household level can help the planner understand true travel
variation between geographical areas, rather than apparent
differences which are a function of the size of areal unit
selected within the study area.
Certainly additional research is required to determine
the limits of the sample size necessary for estimating travel
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and the degree of geographical biases which exist. Also,
consideration must be given to the data requirements of other
aspects of travel forecasting, i.e., trip attraction, distribu-
tion, modal split and assignment. In the continuing study,
the analyst must determine the degree to which the existing
calibrated models can simulate changing travel patterns.
Will the sample size which provides adequate information
about changes in trip generation rates also provide sufficient
data to evaluate changing attitudes and patterns of spatial
distribution? Behavioral model research for the other planning
models may also indicate increased efficiency. Careful planning
of the survey design may provide information adequate for
development of all disaggregate models. If knowledge of the
complexities of travel behavior can be attained at this dis-
aggregate level, the analysis could be conducted at this
level and then aggregation may proceed to whatever level is
necessary. The importamt item to emphasize is that the dis-
aggregate model approach is sensitive to changes which occur
at the behavioral level and therefore provides a means to
measure changes. This is an essential consideration as the
transportation analyst considers the changing conditions
which occur during the continuing planning process. After
evaluation of these changes at the behavioral level, aggrega-
tion may proceed to whatever analysis unit is necessary.
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